Absorption of the Lumogen Red F305
The Napierian absorption coefficient (in cm -1 ) of the Lumogen Red F305, evaluated from 35 nm thick deposition on glass substrate, as a function of the wavelength is shown in Figure S1 . From the absorption coefficient we extract the oscillator strength value inserted in the TMM calculations. 
Ellipsometric measurements
Optical indexes and thickness of the layers constituting the DBR are evaluated by preliminary ellipsometric measurements (reported below). The depositions are made on Si substrates in order to have a good refractive contrast between the substrate and the deposited material. The implemented models perfectly match the experimental ellipsometric data; the trustworthiness of the models is checked performing incidence angle scanning (see Figure S2 ). The extracted values of the thicknesses-together with profilometer analysis-are also used for the calibration of the DBR. The BSW and BWSP dispersions are accurately predicted by TMM calculations (blue and orange lines in Figure S4 , respectively) without the use of fitting parameters. Indeed, the experimental data of layer thicknesses and refractive indexes (evaluated via ellipsometric measurements, see above) are directly introduced into the TMM calculation.
Exciton fraction evaluation
Inhomogeneous broadening has no effect on the size of the splitting and the splitting occurs from a collective contribution of the whole inhomogeneous band of electronic state. 1 Thus, in strongly coupled system, an inhomogeneously broaden transition can be modeled with a single Lorentzian oscillator positioned at the exciton transition energy and with an integrated strength equal to the experimentally measured one, without any lack of generality in the evaluation of the coupling parameters. Therefore, the exciton and photon fractions of the polariton field at different energies are obtained by solving the equation of two coupled oscillators (i.e the photon and the exction) and calculating the mixing angle-which is related to Hopefield coefficient diagonalising the system Hamiltonian-defined as:
where De is the energy detuning between the bare photon (defined by the BSW dispersion) and the exciton, = √ 2 + ( 2 ⁄ ) 2 and V is the Rabi energy of the system estimated from the Rabi splitting at zero detuning. The values of |sin ϕ| 2 and |cos ϕ| 2 define the photonic and exciton fractions of the polariton particles depending on their detuning along the dispersion.
Group Velocity
In Figure S5 the group velocities of the BSWP vs energy are reported. In our range of analysis the group velocity exceeds 120 m/ps and, when close to the light-line, it can reach values beyond the light velocity in the organic medium. 
Reversibility
To prove reversibility of the nonlinear effect shown in Figure 4 of the main text, in Figure S5 the dispersion of the BSWP before and after 50000 pulses at excitation densities of 10 mJ/cm 2 is plotted.
As can be seen, the original dispersion (dark blue line) is recovered completely (cyan line) with any sign of degradation of the sample. On the contrary, for higher excitation densities, the dispersion changes irreversibly as shown in Figure S6a .
We would like to stress that the reversible blueshift is exciton fraction dependent (see Figure 4) , therefore leading to a different shift as a function of k-vector. At higher excitonic fraction, the dispersions in the linear and nonlinear regimes strongly differ, while far from the exciton resonance the two dispersions change only slightly. We note here that this behavior can be explained only by polariton-polariton interaction. If a modification of the effective refractive index, or a melting-induced thinning of the organic layer occurs-which is indeed the case for much higher pumping powers-the opposite trend of the blueshift is observed. Figure S7a shows the effect of layer thinning (due to thermal melting) and/or quenching of the absorbers at very high pumping powers using 50000 pulses at 20 mJ/cm 2 . The variation of the dispersions from the initial to the final measurement is consistent with an irreversible shift of the optical mode. Figure S7b shows the difference between the initial and final state. Under such high power, the main effect is the shift of the resonance of the optical mode and the BSWP dispersion appears blue-shifted close to the light line rather than the exciton line which, instead, remains unchanged.
Figure S7 Irreversibility. a, BSWP dispersion data (dots) and interpolation (line) measured before (blue) and after (cyan) 50000 pulses at 20 mJ/cm 2 (red). b, Energy difference of the polariton dispersion before and after the high energy pulse due to the damage of the sample.
